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Abstract  
 
From the centrifugally cast Cr-Ni-Nb steel pipes, specimens were cut out and subjected to carburising for 100 hours in a mixture of 
charcoal (90%) and Na2CO3 (10%) at the temperatures of 950 and 1150°C. The specimens were cut in direction normal to the pipe axis 
and were examined by optical and scanning microscopy. As a parameter describing the resistance of the examined alloy to the carburising 
effect, the thickness of a carburised layer was accepted. It has been observed that additions of Ti and Zr, and of Ti+Zr+Ce introduced 
jointly, increase the thickness of the carburised layer, while the addition of Ce improves the alloy resistance to carburising. On the alloy 
surface, a layer composed of oxides, mainly of chromium, silicon and iron, has been formed. Changes in the chemical composition of the 
surface layer were examined by scanning microscopy. 
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1. Introduction 
 
High heat- and creep resistance were the properties that 
decided about the use of Cr-Ni-Nb cast steels for, among others, 
pipes operating in decomposition installations used by the 
chemical and petrochemical industry. The pipes operating in a 
continuous cycle at temperatures reaching even 1100°C are 
exposed to the aggressive effect of hydrogen, of sulphur and 
nitrogen compounds, and of steam and carbon mono- and 
dioxides. Carburising is particularly strong during ethylene 
production by the, so called, Steam-Cracking-Process. The second 
source of the carburising effect acting on the centrifugally cast 
pipes is the process of catalytic reforming of hydrocarbons 
(Steam-Reforming-Process) [1÷10]. In this process, the interior of 
the pipe is filled with an oxidising atmosphere, and carburising 
takes place only when the, so called, “coking” of a catalyst occurs 
(disturbed furnace operation or when switching the installation 
off).  
Carbon formed by chemical reactions is responsible for the strong 
carburising of pipes, and it is one of the main factors that cause 
the degradation of not only physical but also, and mainly, 
mechanical properties. Heavy carburising takes place at 
temperatures well above 1050°C [1], mainly due to the carbon 
content increasing in surface layers and penetration of this 
element inside the steel matrix. Carburising is responsible for the 
precipitation in surface layer of M23C6 and M7C3 carbides, which, 
in turn, start acting as crack nuclei [2÷5, 11].  
At the operating temperatures of the installation, the resistance to 
carburising depends to a great extent on the chemical composition of alloy. Nickel, chromium and silicon improve the resistance to 
carburising, and this is the reason why the 0,4%C-32%Ni-25Cr 
cast steel is most recommended in this respect. To prolong the 
service life of installations, a tendency has been observed to use 
for pipes the cast steel grades which, besides high resistance to 
carburising, can also offer the high creep resistance. This is 
achieved through improvement in the stability of carbides, by 
hardening the alloy. As microadditives, Ti, Zr and some rare earth 
metals are used, but quantitative ratios of these elements are not 
revealed by the producers [2÷5]. Therefore, studies were 
undertaken to determine the effect of Ti, Zr and Ce on the 
resistance to carburising of the examined cast steel grades. 
 
 
2. Methods investigation  
 
As a test material, some fragments of the sleeve cast by the 
centrifugal process under laboratory conditions were used [3]; the 
chemical composition is given in Table 1. From the sleeve 
fragments, cubic test pieces were cut out. The test pieces were 
next subjected to carburising by keeping them for 100 hours in a 
powdered carburiser at the temperatures of 950 and 1150°C, 
contrary to the tests described in other studies where the tested 
material was carburised for 25 hours [5, 6, 9]. As a carburiser, a 
mixture of charcoal (90%) and Na2CO3 (10%) was used. The 
applied method of carburising is one of the many methods that are 
used to obtain the carburised surface layers. The carburised test 
pieces were cut normal to the pipe axis, the metallographic 
sections were prepared and examined next by optical and 
scanning microscopy. On thus obtained metallographic images, 
the thickness of the carburised layer was measured and changes in 
the chemical composition of the surface layer were analysed. This 
method of the investigation has proved to be a simple, yet 
effective, tool in the determination of Ti, Zr and Ce effect on the 
resistance to carburising of the examined cast steel grade.  
 
Table 1.  
Chemical composition of the examined cast steel 
Chemical composition [wt%] 
Cast steel designation 
C  Si Mn Cr Ni Mo    Nb Ti Zr  Ce 
11 0,29  1,99  1,06  24,99  30,82  0,17  1,16  -  -  - 
22 0,28  2,15  0,97  24,62  30,89 0,16  1,12 0,075  0,083  - 
33 0,28  2,12  0,97  24,41  31,26  0,16 1,14  0,069  0,083  0,064 
44 0,27  2,04  0,99  24,32  31,77 0,17  1,17  -  -  0,16 
55 0,29  2,44  0,88  24,22  31,38 0,16  1,13 0,12 0,082  - 
 
 
3. Results and discussion 
 
Basing on the results of microstructural examinations it has 
been stated that the diffusion of active carbon takes place along 
the austenite grain boundaries (Figs. 1÷3). The carburised layer is 
composed of a network of carbides distributed along the alloy 
matrix grain boundaries. There are places where the network has 
been broken. At a given temperature, no important differences 
were observed in the thickness of the carburised layer on both 
external and internal test piece surfaces (Fig. 1). In all the 
examined alloys, the average thickness of the carburised layer was 
measured and calculated. To better illustrate differences in the 
thickness of this layer, a diagram was plotted for a relationship 
between the thickness of the carburised layer and the type of 
inoculant currently used (Fig. 4). At the temperature of  950°C, 
the thickness of the carburised layer depends on the type and 
amount of the inoculant used. Adding Ti and Zr to the alloy (alloy 
22) makes thickness of the carburised layer increase, compared 
with the non-inoculated alloy (Fig. 4). Adding Ti+Zr+Ce jointly 
(alloy 33) results in further growth of the thickness of the layer. 
Increasing the number of the added inoculants makes thickness of 
the carburised layer grow continuously (alloys 22, 33 and 55). 
Introducing to alloy cerium alone (alloy 44) quickly raises the 
resistance of the material to the effect of active carbon, and 
consequently, the thickness of the carburised layer decreases by as 
much as even 60%, compared with the alloy containing Ti, Zr and 
Ce (Figs. 2a and 2b, and Fig. 4). 
At the temperature of 1150°C, the effect of the introduced 
microadditives is fading, the depth of the carburised layer is 
similar in all the examined alloys (Fig. 4). On the other hand, the 
character of the precipitates is changing. Carburising raises the 
number of the precipitates and makes them coagulate (Figs. 1 and 
3).  
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Temperature of carburization 950°C  Temperature of carburization 1150°C 
Fig. 1. Cross-section of alloy 33 (with Ti, Zr and Ce) after carburization;  
a), b) outer surface, c), d) inner surface, magn. 200x 
 
 
 
Fig. 2. Outer surfaces of alloys 33 (with Ti, Zr and Ce) - A  
and 44 (with Ce) – B after carburization;  
temperature 950°C, magn. 200x 
Fig. 3. Outer surfaces of alloys 33 (with Ti, Zr and Ce) - A  
and 44 (with Ce) – B after carburization;  
temperature 1150°C, magn. 200x 
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Fig. 4. The depth of the carburised layer depending on used 
microadditives 
 
In all the examined alloys, on the surface of the specimens, a thin 
film differing quite obviously from the rest of the alloy matrix 
was observed to form (Figs. 1b, 3a and 3b). Therefore it was 
decided to analyse carefully changes in chemical composition of 
the surface layer. Figure 5a shows the example of a scanning 
image of the surface layer after carburising of alloy inoculated 
with 2xTi+Zr. The layer was analysed for its chemical 
composition, which is shown in Fig. 5b. 
 
 
Chemical compositions % at  Area 
C  O  Si  Cr  Fe  Ni  Nb  Ce 
1 20,5  37,1  1,9  37,8  2,1  0,3 0,2 0,03 
Fig. 5. Micrographs of surface layer after carburization of alloy 44 
with Ce (A) and chemical analysis (B) 
 
For the examined surface layers, also a linear analysis of the 
elements distribution was made. Figure 6 shows an example of 
the linear distribution of elements in surface layers of the alloy 
inoculated with Ti+Zr+Ce. 
The surface layers are observed to have an increased content of 
oxygen and of the elements characterised by high affinity to 
oxygen, which proves that the composition of the examined layers 
includes oxides of chromium, silicon and iron. 
 
 
 
 
 
 
Fig. 6. Micrographs of surface layer after carburization of alloy 33 
with Ti, Zr and Ce (a) and line scans through this region (b) 
 
The formation in surface layers of a film of oxides indicates that 
before the process of carburising took place a selective oxidising 
of these elements must have occured, and thus formed tight film 
of oxides protected the surface of pipes from carburising. Similar 
oxidising-carburising relationship was also reported in other 
studies [5, 6]. 
 
 
4. Conclusions 
 
From the obtained results the following conclusions have been 
drawn: 
 
1.  The carburised layer is composed of a network of carbide 
precipitates distributed along the grain boundaries present in 
alloy matrix. 
2.  No important differences in the thickness of the carburised 
layer on the external and internal pipe surfaces have been 
observed. 
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titanium and zirconium to the alloy increases the thickness 
of the carburised layer. Joint addition of titanium, zirconium 
and cerium results in further increase of this thickness. 
Increasing the number of inoculants introduced to alloy also 
increases the thickness of the carburised layer. Adding 
cerium alone raises the alloy resistance to the carburising 
effect. 
4.  At the temperature of 1150°C, the effect of the introduced 
microadditives is fading, the depth of the carburised layer is 
similar in all the examined alloys. The character of the 
precipitates changes – carburising raises the number of the 
precipitates and makes them coagulate. 
5.  On the surface of the alloy, a thin film composed of the 
oxides of chromium, silicon, and iron is formed. It protects 
the surface of pipes from carburising.   
6.  Among all the examined materials, the Cr25-Ni32-Nb cast 
steel inoculated with cerium has proved to be the alloy most 
resistant to the carburising effect. 
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